This paper studies firms' innovation behavior in a supply chain where two firms first invest to reduce component' cost according to different innovation modes (non-cooperative innovation, sequential innovation, and cooperative innovation) and then decide the prices according to different market powers (Supplier-Stackelberg, Manufacturer-Stackelberg, and Nash). We find that both the supplier and the manufacturer make more innovation efforts and profits under sequential innovation than under non-cooperative innovation when the market power is any one of three structures. Moreover, the firm prefers to invest as the follower in sequential innovation. We also show that the firms are easy to achieve cooperative innovation under symmetrical power market structure than asymmetrical power market structure. By using a concept named innovation-desirabilityindex that measures a firm's desire to innovate in the supply chain, we show that it is optimal for a firm in the chain to cooperate with such a firm whose market power is close to his own if the innovation-desirability-index is higher, otherwise with such a firm whose market power is lower to his own.
Introduction
Businesses are increasingly relying on their suppliers to reduce costs, improve quality, and develop new processes and products faster than their rivals' vendors can. In some industries, the method of helping suppliers to reduce components' cost has been applied very successfully, for example, Toyota and Honda. Toyota's Construction of Cost Competitiveness for the 21st Century (CCC21) program, which aims at 30% reduction in the prices of 170 parts that the company buys for its next generation of vehicles. The supplier didn't decry CCC21 as unfair. Instead, Toyota would help them achieve that target by making their manufacturing processes leaner, and because of Toyota's tough love, they would become more competitive and more profitable in the future [1] . In general, cost reduction investments involve long lead times and often need to be committed before the end product is revealed. Therefore, in our setting, such investments are committed on the first stage, which is called innovation stage. Due to spillover effect, investment in innovation by each firm will benefit both supply chain partners. How they decide their investment levels? There are several modes. The supplier and the manufacturer can form a cartel to coordinate their investment decisions, called Cooperative Innovation (denoted as mode C). The supplier and the manufacturer make investment decisions simultaneously and independently, called Non-cooperative Innovation (denoted as mode N). Moreover, the timing of investment decisions can influence the investment decisions due to fear of opportunism. For example, recently, Intel announced to invest $10 billions in US to build the laboratory to help original equipment manufacturers (OEMs), who develop electronic commerce platform in the architecture of the Intel Server, then a large number of OEMs take part and invest. So Sequential Innovation means that the supplier (or the manufacturer) is the first mover to invest, and then the manufacturer (or the supplier) decides its investment (denoted as mode S or M).
On the other hand, pricing decisions, i.e., the supplier's wholesale pricing and the manufacture's resale pricing, can be postponed until after the cost reduction is observed. Therefore, such pricing decisions are decided on the second stage, called the price competition stage. If the supplier possesses more bargaining power than the manufacturer, the interactions between supply-chain partners will follow a Supplier Stackelberg model. However, if the manufacturer possesses more negotiation power due to its dominating size or customer loyalty, the supply chain follows the Manufacture Stackelberg model. If neither the manufacturer nor the supplier possesses a larger bargaining power in negotiations, the supply chain interaction then follows a Nash model. This article develops the models considering all three scenarios. A number of studies have been reported with regard to various power structures in a supply chain (e.g., [2] - [4] .). However, to the best of our knowledge, no research has considered the cooperative innovation problem in a supply chain by considering the firms' market powers. The detailed definitions for the innovation modes and market powers are given in Section 2. Then several questions naturally arise as follows: 1) How do firms choose different innovation modes? 2) Does an optimal innovation mode exist in terms of profitability? 3) How do the market powers affect the level of innovation they provide to each other? 4) How do the investment and pricing decisions are inter-linked? We seek to address the above questions in this paper.
We consider a supplier (S) who sells a component to an independent manufacturer (M). In the first stage, both firms decide their investments on supplier's cost reduction according to some specified innovation modes and in the second stage, two firms determine their prices according to different market power structures. We introduce a concept named innovation-desirability-index that depends on firms' technological parameters and sensitivity of market price related to the final product. Our main findings are as follows. First, in any kind of market power structures, both the supplier and the manufacturer are better off under sequential innovation. In practice, sequential innovation is common. Second, in any kind of innovation modes, it is optimal for a firm to cooperate with such a firm whose market power is close to his own in the chain if the innovation-desirability-index is higher, otherwise with such a firm whose market power is lower to his own. Third, the supply chain makes more total profits, but the profits of the supplier and manufacture do not necessarily increase under cooperative innovation. That is, the supplier and the manufacturer have incentives to form cooperative innovation, if and only if certain conditions are established. Finally, the supplier and the manufacturer are easy to achieve cooperative innovation under symmetrical power market structure than asymmetrical power market structure.
There are several related areas to this paper. The first is collaborative innovation in supply chains which has emerged in the recent evolution of operations management research. As indicated in many reports (e.g., [5] ), such an early-stage collaboration in a supply chain is commonplace in many industries. For the collaborative innovation investment, as shown in the literatures, cost reduction is of the main objective (e.g., [6] - [8] ). In this paper, we also focus on cost reduction, which is motivated by widespread practice of such initiatives (e.g., [9] ). Gupta and Loulou [10] and Gupta [11] study how interactions between firms in a channel affect innovation. Gilbert and Cvsa [12] analyze the effect of strategic commitment to price by a supplier to stimulate downstream innovation in a supply chain. Bernstein and Kök [13] investigate cost reduction in an assembly network. All papers above do not consider collaboration. Bhaskaran and Krishnan [14] touch on collaborative product development decisions and conceptualize and model the revenue, cost, and effort sharing collaborative arrangements between two firms in a supply chain. Kim and Netessine [15] consider collaborative innovation on cost reduction in a supply chain focused on information asymmetry and procurement contract, but they do not consider powers and timing of collaborative decision. Ishii [16] and Ge and Hu [17] consider mode choice for firms of supply chains investing on cost reduction, however, they focus on collaboration mode with spillover. This paper explores firms' decision sequence and power.
Our paper is also related to firms' market powers or timing of decisions in supply chains. It is most commonly assumed that manufacturers are more powerful and are leaders of Stackelberg games in Weng (1995). However, as Messinger and Narasimhan [18] and Raju and Zhang [19] point out, market power in some industries has shifted from manufacturers to retailers. Iyer and Villas-Boas [20] give such examples in industries of grocery, construction, and automobile. Dukes et al. [21] discuss market power of large retailers as Wal-Mart. An interesting question is how decisions are affected by market power in supply chains. For a supply chain with two manufacturers and one retailer, Choi [2] analyzes price competition via three non-cooperative games with different power structures: the manufacturer Stackelberg game, the retailer Stackelberg game, and the Nash game. He shows that all members are better off when no one dominates the others. His work is extended by Lu et al. [22] who consider service factors and focus the importance of service from manufacturers in the interactions between two competing manufacturers and their common retailer based on three market power structures. They conclude that consumers receive higher service level when every channel members possess equal market power (e.g., Vertical Nash). Choi's [2] work is followed by Trivedi [3] , who considers a supply chain in which there are duopoly manufacturers and duopoly common retailers. Trivedi [3] shows that the benefit of the leadership depends on competition level. Ertek and Griffin [23] investigate effect of market power on the supply chain when either the manufacturer or the retailer has dominant power. Wu et al. [4] explore the effect of retail substitutability on the equilibrium quantities in a supply chain that consists of two retailers and one common supplier among six power structures. Zhang et al. [24] investigate the influences of products' substitutability and channel position in two dual-exclusive channels. It shows that no power structure is always the best for the entire supply chain, and the Nash game is equilibrium for the members. Wei et al. [25] explore the pricing problems with regard to two complementary products in a supply chain with two manufacturers and one common retailer by considering market power.
About the issues of altering the nature of competition by selecting the timing of moves, Amir and Stepanova [26] consider the issue of first versus second-mover advantage in differentiated product Bertrand duopoly with general demand and asymmetric linear costs. Barcena-Ruiz [27] considers endogenous order of moves in a mixed duopoly in which firms determine their pricing decisions simultaneously or sequentially. Granot and Yin [28] analyze sequential commitment in a decentralized newsvendor model with one manufacturer and one retailer under price-dependent demand. Su and Rao [29] develop a game-theoretic model to study the timing of new product preannouncement and launch under competition. Wei et al. [25] provide detailed reviews for this literature. The works above on the timing of decision are not on collaborative innovation.
Our study is closely related to a recent paper of Gurnani et al. [30] , who consider a supply chain with one manufacturer and one retailer. The manufacturer invests in technology to improve product quality, and the retailer invests in selling effort to develop the market before uncertainty in demand is resolved. However, this study differs from Gurnani et al. [30] in the following aspects. First, in comparison to the demand depending on investment and price in Gurnani et al. [30] , we consider the demand depending only on price. Second, while Gurnani et al. [30] focus on the effect of timing of price commitment decisions on the investment decisions and on the profits for the two firms, we use the timing of investment and price decisions to mean different innovation modes and market power structures, and explore the interaction between the innovation modes and market power structures. The objective of this study is to focus on different types of decision-making structures. Thus, we study various sequences used by the firms in making both investment and pricing decisions in the supply chain. We are able to show the preference of the supplier and the manufacturer for certain configurations.
The rest of the paper is organized as follows. In Section 2, we introduce our proposed model and derive their equilibria. In Section 3, we comprise the innovation modes given a market power structure. Section 4, we analyze how the market power affect the manufacturer and supplier' investment decisions and profits. Section 5 is a concluding section.
Model and Equilibria
The supply chain studied here consists of two risk neutral firms: a supplier and a manufacturer who buys components from the supplier. The manufacturer transforms components (or intermediate inputs) produced by the supplier into final products. Without loss of generality, we assume that each final product needs exactly one component. The unit production cost at the supplier and the manufacturer are s c and m c , respectively. The manufacturer faces linear demand
− , where 0 D is a positive constant representing the size of the potential market, and b is the price-elasticity index of demand. Our model consists of two stages [17] [31]- [33] . In the first stage, both firms decide their innovation investments according to some specified innovation modes to reduce the supplier's production cost, and in the second stage, the two firms determine their prices (wholesale price at the supplier and the retail price at the manufacturer) according to some specified market power structures. The details are given in the following.
For the first stage (cooperative innovation), we assume the innovation investment is quadratic in the level of cost reduction. x x . Cooperative Innovation (C) Both players jointly decide on their innovation investment strategy to maximize the total system profit.
In the second stage (price competition), we consider a two-stage supply chain with different power structures which appear in practice. In some supply chains, the upstream members (e.g., Microsoft and Intel) play a more dominant role than downstream members; however, in some other supply chains, retailers (e.g., WalMart and Tesco) play a more dominant role than upstream members [23] . In a small or local market, both manufacturer and supplier have equal market powers and thus make their decisions simultaneously. Thus, this paper focuses on the following three power structures in the price competition stage.
Supplier-Stackelberg (S) The supplier has dominant market power and has the freedom to decide on wholesale price w to maximize his net profit. The manufacturer then reacts to the wholesale price w declared by selecting her optimal retail price p to maximize her net profit.
Manufacture-Stackelberg (M) The manufacturer becomes the leader and the supplier is the follower. The supplier chooses his wholesale price w conditional on the manufacturer's retail price or equivalently, the margin on the final product , m m p w = − . Nash Game (N) The supplier and manufacturer have equal power. So, they make their price decisions (w and p) simultaneously and thus face a Nash game.
Given both members' innovation investments , s m x x and wholesale price w and retail price p, the profits of the supplier and the manufacturer are, respectively, ( We have four different innovation modes in the first stage and three different power structures in the second stage. Thus, we have total 12 settings and will use (xy) to denote the one with the innovation mode (x) and the power structure (y), for x = N, S, M, C and y = S, M, N. Also, the superscript xy is used to indicate the setting. Essentially there is a Stackelberg game underlying each setting.
we first describe the process of cooperation and competition of the non-cooperative innovation under different power structures. There are three scenarios: Mode (NS) Both firms independently and simultaneously decide their individual innovation investments to maximize their own profits, then the supplier offers a wholesale price w, and finally the manufacturer decides its retail price p. Thus, the game can be described by max max max . max Mode (SS) Here, first the supplier decides its effort level, then the manufacturer decides its effort level, the supplier offers a wholesale price w, and finally the manufacturer decides its retail price p. This process of cooperation and competition can be described by max max max max . Proposition 1 tells us that both firms invest more in innovation and are better off under sequential innovation than under non-cooperative innovation, given any market power structure. At least one firm should do everything he can to invest, the other firm can promote the increase of the profit through the complementary investment decisions of the firm under sequential innovation. But no early investment commitment leads to the firms all having the risk of over investing under non-cooperative innovation. Therefore, the firms would invest less in innovation, that is,
. That leads to lower demand potential for the product, and lower profits for the integrated channel. In practice, sequential innovation is common, such as Toyota's Operations Management Consulting Division (OMCD) in Japan and the Toyota Supplier Support Center (TSSC) in the US. Dyer and Nobeoka state "The purpose of OMCD is to maintain a group of internal consultants with high levels of expertise in operations to assist in solving operational problems both at Toyota and at Toyota's suppliers". Many suppliers have received free assistance in building up lean manufacturing capabilities. These organizational capabilities benefited both suppliers and Toyota in the long run. Then, more and more suppliers are willing to join and innovate with Toyota [34] [35] . Proposition 2.
Proposition 2 tells us that both firms invest the highest one in innovation under the cooperative innovation, followed by the sequential innovation, and the least under the non-cooperative innovation, given any market power structure. Proposition 2 also tells us that the supply chain profits have the same property as the innovation investment. The supply chain profit increases if cooperative innovation is implemented by the two firms, since the objective of cooperative innovation mode is to maximize the total profit while the two firms are competitive in non-cooperative innovation mode and sequential innovation mode in the first stage.
The next proposition compares profits of the members, respectively. < . This shows that the condition of the supply chain members reaching a cooperative innovation is of little difference, that is to say, a cooperative innovation is easy. In summary, Proposition 3 tells us that the supplier and the manufacturer are easy to achieve the cooperative innovation under the symmetrical power market structure than under the asymmetrical power market structure.
Overall, The manufacturer and supplier prefer sequential innovation to non-cooperative innovation, but prefer cooperative innovation if and only if certain conditions are established. And the supplier and the manufacturer are easy to achieve the cooperative innovation when market power is symmetrical.
Next, we compare the different sequential innovation modes given the market power. Based on the results summarized in Table 2 and 
Suppose the supplier has more market power in the second price competition stage. Proposition 4 tells us that each firm invests more in innovation but earns less as the leader than as the follower in the sequential innovation stage. In mode (SS), the supplier makes the investment in innovation and the wholesale price. Thus, the supplier doesn't have risk of over investing in innovation. Therefore, the supplier would invest more in innovation, that is,
. The manufacturer, in mode (SS) and (MS), makes the investment in innovation before the wholesale price is set. Thus, the manufacturer has the risk of over investing in innovation and faces a high wholesale price from the supplier. The manufacturer is willing to invest more ( ).
Proposition 4 also shows that more demand and higher chain profit are created when the manufacturer is the leader than the supplier is the leader in the first sequential innovation stage. In mode (MS), the supplier can promote the profit by using complementary decision of the manufacturer in the first stage and allot more profits by using the first-move advantage. In this way, the firm has all the advantages, and it will do its best to achieve profits and make more total profits.
In summary, although the firm as the leader invests more in innovation, both firms are more willing to be the follower in the first stage, while the supply chain creates higher profits when the decision sequence is reverse in the first stage to that in the second stage.
Then, we study how the decision sequence in the first stage affects the firms' innovation investment levels and profits under the symmetric power structure in the second price compete stage. From π π = . Provided the symmetric power structure in the price competition stage, Proposition 5 tells us that the firm, who is the leader, invests more but earns less as the leader than as the follower in the first cooperative innovation stage. This is similar to those in Proposition 4. The chain creates the same demand and total profit no matter who is the leader in the first stage. This is different from Proposition 4. In mode (MN) or (SN), the supplier (manufacturer) can promote the profit by using complementary decision of the manufacturer (supplier) in the first stage and have the similar power to allot profit, so they make identical total profit. Overall, both firm prefer to be the follower in the first stage regardless of power structure in the second stage.
The innovation decisions of the first stage are complementary, but the price decision of the second stage is substitute to each other. Propositions 4 and 5 show both firm prefer to be the follower in the first stage regardless of power structure in the second stage. That is, the firms can earn more by using first-mover-advantage when the decisions are substitute to each other (e.g., the price decision of the second stage is substitute to each other), but the firms can not use the first-mover-advantage when the decisions are complement to each other (e.g., the innovation decisions of the first stage are complement to each other). Propositions 4 and 5 show sequential cooperation mode can not be achieved regardless of power structure of the firms because both firms prefer to be the follower in sequential investment. If one member of the supply chain can first invest, then all members will get more profits from sequence innovation.
Effects of Market Power
In this section, we study effects of different market powers on the chain including the innovation investments and profits of each member and the chain. We assume that the desire to innovate for the supplier and the manufacturer is identical: 9 8 m s H H H = = < . The power structure between the channel members has been completely modeled by the decision sequence (Supplier Stackelberg, Manufacturer Stackelberg, or Nash Game). Based on the results summarized in Table 1 , we can get the following interesting result. Proposition 6. 1) For the innovation level, when 0 1
2) There is a unique 1 π π π > > . Proposition 6 characterizes the effects of the different power structures on the innovation investments. First, each firm's innovation investment and profit are higher as the leader than as the follower. Moreover, the firm's innovation investment and profit under the symmetric power structure are between those as the leader and as the follower if the innovation-desirability-index is lower, otherwise the highest.
The innovation decisions in the first stage are complementary, but the price decision in the second stage is substitute to each other. The two stages influence each other together to determine the performance of the supply chain. Proposition 6 shows, the leader of the supply chain gets more profits with higher innovation input (
when they have little desire to innovate. When they have high desire to innovate, the chain members can get higher profits with higher innovation input using simultaneously-mover, because the supplier and manufacturer's profits increase in H (e.g., for the supplier,
2 16 3 0 8 3 ), and the marginal profit is larger by using simultaneously-mover than firstmover(e.g., for the supplier,
In summary, under the non-cooperative innovation mode (N), it is optimal for a firm in the chain to cooperate with such a firm whose bargaining power is close to his own if the innovation-desirability-index is higher
, otherwise with such a firm whose bargaining power is lower to his own. Intuitively explaining, the innovation-desirability-index, which is lower, means that innovation is more difficult and then innovation investment is large, so the chain members must use the first mover advantage to get more profits. Otherwise, innovation is more easy and then innovation investment is relatively little, so the members of the supply chain may give up the first mover advantage to promote innovation and then get more profits. We now turn our attention to compare the different chain powers in sequence innovation. We take innovation scenario (S) as an example and get the following result. In summary, from Propositions 6 and 7, it is optimal in the chain to cooperate with such a firm whose bargaining power is close to his own for a firm if its innovation-desirability-index is higher, otherwise with such a firm whose bargaining power is lower to its own.
Based on the results summarized in Table 5 , we can get the following interesting result. 
The cut-off points of profit of the supplier and the manufacturer is 0. In summary, it is optimal for a firm to cooperate with such a firm whose bargaining power is close to its own in the chain if the innovation-desirability-index is higher, otherwise with such a firm whose bargaining power is lower to its own.
Conclusions
In this paper, we have studied a supply chain where two firms first cooperate to invest on reducing component cost according to different modes and then compete for price according to different market powers. In the first stage (cooperative innovation stage), we consider the sequence of the investment decisions and the objective of the decision makers. In the second stage (price competition stage), we consider the sequence of the price decisions as three market powers of competition.
In the interaction between cooperative mode and market power, we focus on the firms' choice of thr cooperative mode and the impact of market power on the firms' decision. Our main findings are as follows. First, both the supplier and the manufacturer make more profits under mode M or S than under mode N given three structures of any market power. And, we show that the firms are easy to achieve cooperative innovation under symmetrical power market structure than under asymmetrical power market structure. Second, it is optimal for a firm in the chain to cooperate with such a firm whose market power is close to his own if the innovationdesirability-index is higher, otherwise with such a firm whose market power is lower to his own. Several research directions can follow from this study. First, we have not considered uncertainty in this framework. It would be interesting to consider the effects of demand uncertainty upon firms' behavior. Second, it is worth studying firm behavior when the cost of the component information is asymmetric. Third, we have adopted the linear demand function, and it would be useful to examine whether the insights continue to hold for more general demand functions. Finally, it is also interesting to consider what will happen with competitive suppliers or competitive manufacturers. Table 2 . Equilibrium results of the models SS and MS. 
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Proofs of Propositions
The equilibrium under mode NS. We use backward induction to solve it. For any given , 
Proof of Proposition 4
The proofs of (i) and (ii) are identical.
(i) From 
Again from Table 2 , 1.a) and 3.a) From Table 2 and Table 3 , From Table 3 and Table 4 , (
